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The prophylaxis strategy for hepatitis B virus (HBV) reactivation in kidney transplant
recipients (KTRs) with resolved HBV infection remains unclear. In this hospital-based
retrospective cohort study, consecutive KTRs with resolved HBV infection were screened
from the years 2000 through 2020. After excluding confounding conditions, 212 and
45 patients were respectively recruited into Anti-HBs positive and Anti-HBs negative
groups. Cumulative incidences of, and subdistribution hazard ratios (SHRs) for HBV
reactivation were analyzed after adjusting the competing risk. During a median 8.3
(mean 8.4 ± 4.9) years of follow-up, the 10-year cumulative incidence of HBV
reactivation was significantly higher in Anti-HBs negative group when compared to that
in Anti-HBs positive group (15.2%, 95% CI: 3.6–26.7 vs. 1.3%, 95% CI: 0.0–3.0; p <
0.001). In multivariable regression analysis, absence of anti-HBs (SHR 14.2, 95% CI:
3.09–65.2; p < 0.001) and use of high-dose steroids, i.e., steroid dose ≥20mg/day of
prednisolone equivalent over 4 weeks (SHR 8.96, 95% CI: 1.05–76.2; p = 0.045) were
independent risk factors related to HBV reactivation. Accordingly, the 10-year cumulative
incidence of HBV reactivation occurring in patients with two, one and zero risk factors was
42.7% (95% CI: 0.0–87.1), 7.9% (95% CI: 1.2–14.7) and 0%, respectively (p < 0.001). In
conclusion, the strategy of HBV antiviral prophylaxis may be defined according to the risk
stratification.
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GRAPHICAL ABSTRACT |

INTRODUCTION

Kidney diseases are the leading cause of solid organ
transplantation globally, with more than 100,000 patients
receiving a kidney transplant per year (1). Although hepatitis
B virus (HBV) infectionmay not directly involve the pathogenesis
of kidney diseases, hepatitis B progression can be the major cause
of either patient morbidity or mortality after kidney
transplantation (2). In kidney transplant patients with chronic
HBV infection, immunosuppressive therapy can result in rapid
liver fibrosis progression, and patients may in turn die of liver-
related complications (2, 3). In patients with resolved HBV
infection, i.e., those with positive antibody to hepatitis B core
antigen (anti-HBc) but negative hepatitis B surface antigen
(HBsAg) in the blood, although the risk of hepatitis B
progression is much lower than that in HBsAg-positive
patients, HBV may still exist somewhere in the body; e.g., in
the nucleus of hepatic cells (4). While the host immune system is
suppressed, HBV replication may be reactivated, i.e., the
reappearance of HBsAg and HBV deoxyribonucleic acid
(DNA) in blood (5). Previous studies have reported that
immunosuppressive chemotherapy could induce both severe
hepatitis B flare and death in patients with resolved HBV
infection (6–8), where nucleos(t)ide analogue (NA) therapy
can be considered for patients in the high-risk stratification.

With a high risk of HBV reactivation and liver-related mortality
in kidney transplant recipients (KTRs) with chronic HBV
infection, i.e., positive HBsAg, life-long prophylactic NA therapy
has been recommended in the practice guidelines (9–11). However,
with a relatively lower risk ofHBV reactivation, ranging from2% to

9.6% in KTRs with resolved HBV infection (12–18), current
guidelines only suggest regular follow-ups, rather than long-
term NA therapy prophylaxis (10, 11). However, several clinical
studies have observed that the risk of HBV reactivation may be
particularly higher in patients with resolved HBV infection, but
without antibody to HBsAg (anti-HBs) (6, 19). Although the
absence of anti-HBs could be a risk factor for HBV reactivation
in KTRs with resolved HBV infection, the role in which other risk
factors may play remains largely unknown (12–18).

In previous studies of patients with resolved HBV infection,
immunosuppressants could be seen as being strongly related to
HBV reactivation (7, 20), however their role in KTRs has not yet
been systemically investigated. For example, corticosteroids are
commonly used as the backbone of immunosuppression therapy,
with a dose ranging from an ultra-high dose of pulse therapy or a
high dose of rejection therapy, to low-dose maintenance therapy
(21); however, the association between steroid dosages and the risk
of HBV reactivation remains unclear. For patients at a high risk of
HBV reactivation, severe liver complications may be avoided or
prevented. We therefore aimed to conduct a long-term cohort
study to assess the timing and severity of HBV reactivation in KTRs
with resolved HBV infection, as well as comprehensively analyze
any possible risk factors which may be of concern.

PATIENTS AND METHODS

Study Design
This retrospective cohort study was conducted at Taichung
Veterans General Hospital (VGHTC), a tertiary medical center
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in central Taiwan. Any end-stage renal disease patient who had
received kidney transplantation at VGHTC between 1st January
2000 and 31st December 2020 was recruited. The study subjects
were followed up for clinical outcomes until 31st December of
2021. The medical records of the study subjects were retrieved for
analysis. This study was approved by the Institutional Review
Board of VGHTC (CE21059B).

Study Subjects
The patient selection process is shown in Figure 1. The inclusion
criteria were as follows: 1) KTRs and 2) positive anti-HBc. The
exclusion criteria were as follows: 1) positive HBsAg, 2) receiving
long-term prophylactic NA therapy, 3) kidney graft failure within
3 months after transplantation, and 4) incomplete essential data.
The study subjects were followed up for 10 years or until the dates
of 1) HBV reactivation, 2) kidney graft failure, 3) patient
mortality, 4) receiving of chemotherapy for a newly diagnosed
malignancy, 5) loss follow-up, or 6) 31st December of 2020.
According to the positivity of serum anti-HBs before kidney
transplantation, patients were recruited into anti-HBs positive or
anti-HBs negative group.

HBV Reactivation and Hepatitis Flare
The primary endpoint was HBV reactivation, which was defined
as HBsAg reverse seroconversion from HBsAg-negative to
HBsAg-positive (10). According to the clinical practice
routines in our hospital, periodical surveillance for HBV
reactivation was performed after kidney transplantation,
i.e., serum ALT every 3 months and serum HBsAg every
6–12 months. In addition, serum HBsAg and HBV DNA
would be additionally checked if serum ALT was increased for
at least twice the baseline level or above the upper limit of normal
(ULN). The secondary endpoints included HBV-associated
hepatitis in combination with HBV reactivation and hepatitis
flare. Hepatitis flare is defined as alanine aminotransferase (ALT)
increase >3 times baseline and >100 U/L (10). Other endpoint,
including severe flare, was defined as hepatitis B flare (HBV DNA
level >2,000 IU/mL and ALT > 5x the ULN) with jaundice (total
bilirubin ≥2 mg/dL), and/or coagulopathy (prothrombin time
prolongation ≥3 s) (22). The ULN of ALT was defined
according to the updated American Association for the Study
of Liver Diseases criteria (>25 U/L for females and >35 U/L for
males) (10).

Risk Factors Assessment
The data including blood type ABO incompatibility and human
leukocyte antigens (HLA) mismatch numbers were collected.
Hepatitis C virus (HCV) co-infection in patients was defined
as those who were hepatitis C antibody positive with a detected
HCV viral load in their serum. We retrieved the
immunosuppressants used during induction (rituximb,
basiliximab, thymoglobulin and others), as well as the
standard triple agents in maintenance (calcineurin inhibitor,
mycophenolate mofetil and corticosteroids). The calcineurin
inhibitors included cyclosporine and tacrolimus. The data on
sirolimus or everolimus combination with the triple agents used
in maintenance was also captured. Steroid therapy is a part of

immunosuppressive regimens used for induction, maintenance
and anti-rejection therapy. Detailed information regarding
steroid therapy, including dosage and duration, was
comprehensively obtained from medical records. We
converted dosages of various steroid therapies into equivalent
doses of prednisolone based on anti-inflammatory potency (23).
The average steroid dose was defined as the total amount of
steroid dosage used in maintenance divided by the sum of the
days of steroid treatment. Peak steroid dose was defined as the
maximal steroid dosage which persisted at least 4 weeks in
maintenance. We set up three strata of peak steroid dose using
prednisolone equivalents as rates of <10 mg/day, 10–19 mg/day
and ≥20 mg/day (24). After kidney transplantation, allograft
rejection development would be suspected as patients
experienced a rising serum creatinine or worsening
proteinuria. Acute rejection was defined by the presence of
pathologic evidence seen on a kidney allograft biopsy (21).
The data on rejection episodes and treatments were collected.

Statistical Analyses
Continuous variables were expressed in median with interquartile
ranges (IQRs), while categorical variables were presented as both
number and percentage. Continuous variables were compared by
the Mann-Whitney U test, while categorical variables were
compared through use of either the Chi-square test or Fisher’s
exact test. Cumulative incidence rates of HBV reactivation or
hepatitis flare were calculated and compared by using a Fine-Gray
method and Kaplan-Meier method, respectively (25). The
differences in the full time-to-event distributions among the
study groups were compared by a log-rank test. Renal graft
failure or patient mortality before HBV reactivation was
treated as a competing event. We further performed
univariable analysis to identify any potential risk factors for
HBV reactivation, with independent risk factors being

FIGURE 1 | Selection of study subjects. Anti-HBc, antibody to hepatitis
B core antigen; anti-HBs, antibody to HBsAg; HBV, hepatitis B virus; HBsAg,
hepatitis B surface antigen; NA, nucleos(t)ide analogue.
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determined according to the results of multivariable regression
analysis. Subdistribution hazard ratios (SHRs) were obtained in
Cox proportional hazard models and adjusted on the basis of the
subdistribution of the competing risk. The R-package “cmprsk”
was used for the purpose of competing risks regression (26). A
two-tailed p < 0.05 was considered statistically significant. We
managed the data using SAS 9.3 software (SAS Institute, Inc.,
Cary, NC, USA).

RESULTS

Study Subjects
As shown in Figure 1, after excluding those with confounding
conditions, 257 patients were identified for final analysis.
According to the positivity of serum anti-HBs, 212 and

45 patients were respectively recruited into anti-HBs positive
and anti-HBs negative groups. As shown in Table 1, apart from
age, nearly all the baseline patient characteristics do not reveal
significant differences between the two study groups. The median
age was younger in the anti-HBs positive group than that in the
anti-HBs negative group (49.0 vs. 51.5 years). The proportions of
other possible risk factors were not significantly different between
the two study groups, including gender, HCV co-infection,
HBsAg-positive donor, blood type ABO incompatible
transplant, HLA mismatch, immunosuppressive regimens,
short-term NA prophylaxis during induction, episodes of
biopsy proven acute rejection, and treatment for acute
rejection. Moreover, we also analyzed the details surrounding
steroid use, including average steroid dose and peak steroid dose,
which were also similar in the two study groups. The median
follow-up duration was 8.3 (IQR, 4.4–11.9) years, with a mean

TABLE 1 | Baseline characteristics of study subjects.

Positive anti-HBs
n = 212

Negative anti-HBs
n = 45

p-value

Age, years 49.0 (39.5–54.0) 51.5 (47.9–60.5) 0.008
Male, n (%) 112 (52.8) 26 (57.8) 0.660
HCV co-infection, n (%) 16 (7.5) 5 (11.1) 0.622
HBsAg-positive donor, n (%) 23 (10.8) 3 (6.7) 0.587
Positive Anti-HBs donor, n (%) 169 (79.7) 33 (73.3) 0.343
Donor source, n (%) 0.303
Living donor 96 (45.3) 16 (35.6)
Deceased donor 116 (54.7) 29 (64.6)

Prior history of renal transplant, n (%) 3 (1.4) 3 (6.7) 0.068
ABO-incompatibility, n (%) 30 (17.9) 7 (15.6) 0.870
HLA mismatch numbers 2 (0.3–3.0) 2 (0.0–3.0) 0.144
Induction therapy, n (%) 0.772
No 51 (26.0) 13 (29.5)
Rituximab 11 (5.6) 1 (2.3)
Basiliximab 107 (54.6) 23 (52.3)
Thymoglobulin 27 (13.8) 7 (15.9)

NA prophylaxis during induction, n (%) 16 (7.5) 5 (11.1) 0.622
Duration of NA prophylaxis, months 4.2 (0.9–6.5) 5.6 (0.9–7.1) 0.934

Maintenance immunosuppressants, n (%)a 0.886
Cyclosporine + MMF + steroids 30 (14.2) 6 (13.3)
Tacrolimus + MMF + steroids 182 (85.8) 39 (86.7)

Maintenance steroidb

Average dose, mg/day 6.0 (5.2–7.5) 6.1 (5.1–8.3) 0.545
Peak dosec 0.748
<10 mg/day 77 (36.3) 15 (33.3)
10–19 mg/day 98 (46.2) 20 (44.4)
≥20 mg/day 37 (17.5) 10 (22.2)

Sirolimus or everolimus combination, n (%) 96 (45.3) 13 (28.9) 0.064
Acute rejection episodes, n (%) 0.979
No 138 (65.1) 30 (66.7)
Once 39 (18.4) 8 (17.8)
≥2 episodes 35 (16.5) 7 (15.6)

Treatment for acute rejection, n (%) 0.712
Rituximab 12 (16.2) 3 (20.0)
Methylprednisolone pulse therapy 62 (83.8) 12 (80.0)

aMajor immunosuppressants used in maintenance.
bValues represent prednisolone equivalents.
cPeak dose defined as the maximal steroid dosage which persisted ≥4 weeks in maintenance.
Continuous variables are expressed in median (interquartile range).
Anti-HBs, antibody to HBsAg; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HLA, human leucocyte antigen; MMF, mycophenolate mofetil; NA, nucleos(t)ide analogue.
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duration of 8.4 ± 4.9 years (Supplementary Figure S1). The
median follow-up duration was not significantly different in
the two study groups. (anti-HBs positive vs. anti-HBs negative:
8.8 [IQR: 4.3–10.0] vs. 6.8 [IQR, 4.5–8.6] years; p = 0.084).

HBV Reactivation and Hepatitis Flare
As shown in Figure 2A, the 10-year cumulative incidence of HBV
reactivation was significantly higher in the anti-HBs negative group
when compared to that in the anti-HBs positive group (15.2%, 95%
confidence interval [CI]: 3.6%–26.7% vs. 1.3%, 95% CI: 0.0–3.0; p <
0.001). Table 2 presents the details of patients experiencing HBV
reactivation: six in the anti-HBs negative group and two in the anti-
HBs positive group. HBV reactivation happened during the period

of 2–6 years after kidney transplant, and often appeared within
1 year after tapering steroid administration from its peak dose.
Reappearance of HBsAg also combined with HBV DNA
level >2,000 IU/mL and ALT elevation > 2x ULN in all of these
patients.Moreover, five anti-HBs negative patients and one anti-HBs
positive patient experienced hepatitis flare, which is defined as ALT
increase >3 times baseline and >100 U/L (10). Eight patients who
developed HBV reactivation were all hepatitis B e antigen (HBeAg)
negative at baseline, and three with antibody to HBeAg. Four (4/8;
50%) patients became HBeAg positive during HBV reactivation.

Regarding HBV vaccination, among 47 patients were initially
anti-HBs negative prior to kidney transplantation, 14 patients
(14/47; 29.8%) received HBV vaccination: Two patients (2/14;

FIGURE 2 | The cumulative incidence of (A) HBV reactivation and (B) hepatitis flare was higher in patients without anti-HBs than in patients with anti-HBs in
competing risks regression. Anti-HBs, antibody to hepatitis B surface antigen; HBV, hepatitis B virus.

TABLE 2 | Characteristics of the patients with HBV reactivation.

No. Age
(years)

Gender Anti-
HBs

Maintenance
steroida

Time to HBV reactivation Data during HBV reactivation NA
therapy

HBsAg
loss

after NA
therapy

Avg.
dose
(mg/
day)

Peak
doseb

(mg/
day)

From
transplant
(months)

From
peak
steroid
tapering
(months)

Steroid
dosea

(mg/
day)

HBV
DNA
(log
IU/
mL)

Bilirubinc

(mg/dL)
ALTc

(U/L)
HbeAg

presence

1 50 F Neg. 5.6 5 41 5 5 6.20 1.1 118 Neg LAM Yes
2 39 M Neg. 9.1 10 54 12 5 8.04 1.0 61 Pos. ETV No
3 59 M Neg. 5.7 10 24 2 5 3.96 0.8 158 Neg LAM Yes
4 48 F Pos. 7.1 20 79 12 5 7.95 1.7 151 Pos. ETV Yes
5 33 F Pos. 7.9 30 58 1 20 5.96 0.4 52 Pos. ETV No
6 51 F Neg. 7.2 30 82 10 5 6.87 1.1 812 Pos. ETV No
7 60 F Neg. 10.4 20 28 14 5 8.23 0.6 119 Neg ETV No
8 48 F Neg. 7.0 40 57 8 10 6.20 7.9 326 Neg ETV No

aValues represent prednisolone equivalents.
bPeak dose defined as the maximal steroid dosage which persisted ≥4 weeks in maintenance.
cPeak level during HBV reactivation.
ALT, alanine aminotransferase; Anti-HBs, antibody to HBsAg; DNA, deoxyribonucleic acid; ETV, entecavir; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV,
hepatitis B virus; LAM, lamivudine; NA, nucleos(t)ide analogue.

Transplant International | Published by Frontiers April 2023 | Volume 36 | Article 111225

Tsai et al. HBV Reactivation in Renal Transplant



14.3%) produced durable anti-HBs, and they were thus sorted
into the anti-HBs positive group. Only one vaccinated patient (1/
14; 7.1%), who failed to produce durable anti-HBs, experienced
HBV reactivation after kidney transplantation. In univariable
regression analysis for all the initially anti-HBs negative patients,
HBV vaccination prior to transplantation was not significantly
associated with a lower risk of HBV reactivation (SHR 0.61, 95%
CI: 0.07–5.28; p = 0.656). The efficacy of HBV vaccination in
preventing HBV reactivation might not be sufficiently evaluated
due to the limited case numbers in this study.

The 10-year cumulative incidence of hepatitis flare was
significantly higher in the anti-HBs negative group when
compared to that in the anti-HBs positive group (12.6%, 95%
CI: 1.9%–23.3% vs. 0.7%, 95% CI: 0.0–2.0; p < 0.001) (Figure 2B).
Severe hepatitis flare, i.e., jaundice and ALT > 5x ULN (1), was
noted in one anti-HBs negative patient. All patients diagnosed
with HBV reactivation received NA therapy within 1 month after
HBsAg seroreversion. Fortunately, no patient died of hepatic

failure. After NA therapy, three patients (37.5%) experienced
HBsAg loss again thereafter (1.2, 4 and 8.7 years after their HBV
reactivation episodes).

The Risk Factors of HBV Reactivation
As shown in Table 3, in univariable regression analysis, a negative
anti-HBs status (SHR 14.3, 95%CI: 2.97–68.8; p < 0.001), increased
average steroid daily dose (SHR 1.13 per mg of prednisolone
equivalent, 95% CI: 1.04–1.23; p = 0.003), and a peak steroid
dose ≥20mg/day of prednisolone equivalent (SHR 8.96, 95% CI:
1.05–76.2; p = 0.045) were associated with the occurrence of HBV
reactivation. The peak dose was defined as the maximal steroid
dosage which persisted ≥4 weeks in maintenance. Furthermore, in
multivariable regression analysis (Model 1), both a negative anti-
HBs status (SHR 13.3, 95% CI: 2.75–64.4; p = 0.001) and increased
average steroid daily dose (SHR 1.12 per mg of prednisolone
equivalent, 95% CI: 1.02–1.23; p = 0.023) were significantly
associated with the development of HBV reactivation. In

TABLE 3 | Subdistribution hazard ratio of risk factors for HBV reactivation in univariate and multivariate competing-risks regression.

Univariable analysis Multivariable Model 1 Multivariable Model 2

SHR 95% CI p-value SHR 95% CI p-value SHR 95% CI p-value

Anti-HBs Negative vs. Positive 14.3 (2.97–68.8) <0.001 13.3 (2.75–64.4) 0.001 14.2 (3.09–65.2) <0.001
Age per year 1.01 (0.96–1.06) 0.709
Male vs. Female 0.30 (0.06–1.47) 0.138
HCV co-infection N/Aa - -
HBsAg-positive donor 1.13 (0.14–8.89) 0.904
Positive Anti-HBs donor 0.53 (0.11–2.65) 0.442
Living vs. Deceased donor 0.96 (0.23–3.99) 0.961
Prior history of renal transplant N/Aa - -
ABO-incompatibility 0.59 (0.12–2.88) 0.514
HLA mismatch numbers 0.67 (0.40–1.12) 0.129
Induction therapy
No ref.
Rituximab N/Aa - -
Others 2.64 (0.33–21.1) 0.361

NA prophylaxis during induction 1.96 (0.25–15.2) 0.521
Maintenance immunosuppressants
Cyclosporine + MMF + steroids ref.
Tacrolimus + MMF + steroids 0.60 (0.12–2.93) 0.530

Maintenance steroidb

Average dose per mg/day 1.13 (1.04–1.23) 0.003 1.12 (1.02–1.23) 0.023
Peak dosec

<10 mg/day ref. ref.
10–19 mg/day 1.39 (0.13–15.3) 0.788 1.50 (0.14–16.5) 0.741
≥20 mg/day 8.96 (1.05–76.2) 0.045 9.20 (1.06–79.8) 0.044

Combined sirolimus or everolimus 0.68 (0.16–2.83) 0.596
Acute rejection episodes
No rejection ref.
Once 0.57 (0.07–4.49) 0.589
≥2 episodes 0.58 (0.07–4.66) 0.609

Treatment for acute rejection
No rejection ref.
Rituximab N/Aa - -
MTP pulse therapy 0.71 (0.15–3.44) 0.675

aNo HBV reactivation in patients with HCV co-infection, prior history of renal transplant and administration of rituximab. The associated effects of these factors could not be evaluated in the
Cox proportional hazard model for HBV reactivation.
bValues represent prednisolone equivalents.
cPeak dose defined as the maximal steroid dosage which persisted ≥4 weeks in maintenance.
Anti-HBs, antibody to HBsAg; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCV, hepatitis C virus; HLA, human leucocyte antigen; MMF, mycophenolate mofetil; MTP,
methylprednisolone; NA, nucleos(t)ide analogue; N/A, not available; SHR, subdistribution hazard ratio.
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addition, as shown in Model 2, a negative anti-HBs status (SHR
14.2, 95%CI: 3.09–65.2; p< 0.001) and a peak steroid dose≥20mg/
day of prednisolone equivalent (SHR 9.20, 95% CI: 1.06–79.8; p =
0.044) remained the independent risk factors for HBV reactivation.

Figure 3 shows the cumulative incidence of HBV reactivation
in the patient groups receiving different peak steroid doses (<10,
10–19 and ≥20 mg/day of prednisolone equivalent for 4 weeks).
The 10-year cumulative incidence of HBV reactivation was
highest in patients who received high-dose steroids (≥20 vs.
10–19 vs. < 10 mg/day: 13.1%, 95% CI: 2.1%–24.0% vs. 1.9%,
95% CI: 0.0%–4.4% vs. 1.3%, 95% CI: 0.0–4.0, p = 0.007).
Moreover, as demonstrated in Figure 4, we performed a risk
stratification based on the independent risk factors of HBV
reactivation, i.e., absence of baseline serum anti-HBs and high-
dose steroids, and the 10-year cumulative incidence of HBV
reactivation occurring in patients with two, one and zero risk
factors was 42.7% (95% CI: 0.0–87.1), 7.9% (95% CI: 1.2–14.7)
and 0%, respectively (p < 0.001).

DISCUSSION

Although HBV reactivation in 1%–10% of cases can be classified as
moderate risk (24), the prophylaxis strategy for HBV reactivation in
KTRs with resolved HBV infection remains unclear in the current
practice guidelines. In the present study, we comprehensively
collected the data on immunosuppressants and analyzed the
dosages and durations of corticosteroid use. This cohort study is
able to provide evidence that the absence of anti-HBs and high-dose
steroid use (≥20mg/day of prednisolone equivalent ≥4 weeks in
maintenance) were both independent risk factors associated with
HBV reactivation. The cumulative incidence of HBV reactivation
will be the highest (>40%) among anti-HBs negative patients who
received high-dose steroids, in which case antiviral therapy

prophylaxis should be mandatory. In contrast to the high-risk
patients, the risk of HBV reactivation in anti-HBs positive
patients who did not receive high-dose steroids is very low (0%),
therefore a long-term antiviral therapy prophylaxis may be waived.
In these low-risk patients, a strategy involving periodic surveillance
for HBV reactivation, such as HBsAg testing, may be more cost-
effective than NA therapy prophylaxis. The findings of this study
may provide an effective and cost-saving strategy in the use of
antiviral prophylaxis, which should be valuable to both clinicians
and patients.

Similar to the findings in previous studies for KTRs with
resolved HBV infection, our study also demonstrates that the
absence of baseline serum anti-HBs is a strong risk factor of
HBsAg seroreversion after kidney transplantation (12–14).
However, other risk factors may be also involved in HBV
reactivation (13–15). Although the presence of anti-HBs
lowered HBV reactivation risk, the risk is not totally
eliminated. For patients with only one risk factor of HBV
reactivation, i.e., positive anti-HBs patients who will receive
high-dose steroids or negative anti-HBs patients who do not
need to use high-dose steroids in this study, NA therapy
prophylaxis or close monitoring for HBV reactivation should
be considered. However, which strategy is more cost-effective
needs further investigated. In addition, the other risk factors
found in other similar studies (13–15), including age, ABO-
incompatibility, rituximab use, and acute rejection, were not
significantly related to HBV reactivation in this study, and
their effects should be further clarified in the future studies.

To the best of our knowledge, our cohort is the first study
designed to evaluate the effects of steroid therapy on the risk of HBV
reactivation in KTRs with resolved HBV infection. Corticosteroids
are the most widely used immunosuppressive agents, and a daily

FIGURE 3 | The cumulative incidence of HBV reactivation after kidney
transplant according to different peak daily doses of prednisolone, or
equivalent. HBV, hepatitis B virus.

FIGURE 4 | The cumulative incidence of HBV reactivation after kidney
transplant in the patient groups stratified by the risk factors of HBV
reactivation. The two risk factors are defined as follows (1): absence of
baseline serum anti-HBs and (2) high-dose steroids, i.e., a peak steroid
dose ≥20 mg/day of prednisolone equivalent which persisted ≥4 weeks in
maintenance. HBV, hepatitis B virus.
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dose above 20mg for longer than 2 weeks of prednisolone, or its
equivalent, is generally considered to induce significant
immunosuppression (27). HBV reactivation with active viral
replication maybe occur when the host is immune suppressed
(5). A systemic review suggested that steroid therapy longer than
4 weeks at amoderate (10–20mg/day of prednisolone equivalent) or
high-dose (>20mg/day of prednisolone equivalent) may lead to
HBV reactivation in 1%–10% of patients resolved HBV infection
(24). In a cohort study involving rheumatic patients with resolved
HBV infection, individuals experiencing HBsAg seroreversion had
been exposed to a daily dose of prednisolone over 20mg (7). Our
analysis demonstrates that receiving a peak steroid dose ≥20mg/day
of prednisolone equivalent ≥4 weeks in maintenance had a major
impact on risk of HBV reactivation. In addition, most HBsAg
seroreversion and hepatitis flare occurred within 1 year after the
tapering off of steroid administration from its peak dose. Host
immune may rebound and hepatitis may develop after the
withdrawal of immunosuppressants. Therefore, close surveillance
of liver biochemistries, HBsAg status and HBV DNA remains
essential while steroids are given in a decremental fashion. On
the other hand, episodes of methylprednisolone (MTP) pulse
therapy for acute rejection did not associate with HBV
reactivation. Similar to our previous study for rheumatic patients
with resolved HBV infection, maintained high dose oral steroid
therapy, rather than short-term ultra-high dose MTP pulse therapy,
increased the risk of HBV reactivation (28).

Several commonly used immunosuppressants, such as
rituximab, have been evaluated for their HBV reactivation risk
in previous studies, but the results remain conflicting (13–16). In
studies mainly for hematologic malignancy patients receiving
multi-course high-dose rituximab during chemotherapy,
rituximab could lead to HBV reactivation in more than 10%
of patients with resolved HBV infection (24). However, only a
single-dose rituximab may be used for KTRs during induction or
acute rejection. In two Japanese studies for KTRs with resolved
HBV infection, rituximab was not related to an increased HBV
reactivation risk (15, 16). In contrast to two Korean studies,
rituximab was identified as a risk factor related to HBV
reactivation, and patients might die of hepatic failure (13, 14).
In the present study, the case number of rituximab users was
limited (12 cases during induction and 15 cases for acute
rejection), and HBV reactivation was not found during the
follow-up period. However, due to the potentially fatal
outcome and long-term effect reported in previous studies,
careful surveillance for rituximab users remains required.

While there is insufficient evidence to recommend long-term
antiviral prophylaxis for KTRs with resolved HBV infection, a
limited duration of NA prophylaxis during the period of
induction therapy with intensified immunosuppression may be
an alternative option (10). However, the consensus regarding
short-term NA prophylaxis has not been made in our hospital.
Moreover, NA prophylaxis for KTRs with resolved HBV infection
was not reimbursed by the National Health Insurance in Taiwan
during the study period, therefore only a minority of KTRs
received short-term NA prophylaxis during induction out of
pocket. However, NA prophylaxis during induction was not
significantly associated with HBV reactivation in our analysis.

Several limitations should be acknowledged with regards to this
study. First, this is a retrospective study conducted in a transplant
referral center, and some data were not completely collected, such as
serum HBV DNA prior to transplantation, serum anti-HBc in
donors, and the duration between resolving HBV infection and
transplantation. However, the prevalence rate of occult HBV
infection in patients with resolved HBV infection was low (29),
and no HBV DNA was detected in our limited data. In addition, a
Korean study reported that a positive anti-HBc in kidney donors was
not related to HBV reactivation (14).With a high prevalence of anti-
HBs positivity in Taiwanese donors, we believe that the effect of anti-
HBc in donors should be insignificant in our study. A well-designed
prospective study should be helpful to address the effects of these
factors. Second, the incidence of HBsAg seroreversion may have
been underestimated in this retrospective study. In patients without
positiveHBsAg, HBsAg andHBVDNAare usually performedwhen
hepatitis has been suspected. However, our study demonstrates an
increased risk not only for HBV reactivation but also for hepatitis
flare; therefore, the conclusion of this study should be convincing.
Third, the efficacy of long-term NA prophylaxis for kidney
transplant patients with resolved HBV infection remains unclear.
Although this study may stratify HBV-resolved patients in high risk
of HBV reactivation, i.e., absence of anti-HBs and high-dose steroid
maintenance, antiviral therapy prophylaxis cannot be directly
recommended. A prospective study involving long-term NA
prophylaxis versus periodic surveillance as controls would be
valuable towards investigating both the risk of HBV reactivation
and whether long-termNA prophylaxis could benefit liver and renal
outcome.

In conclusion, the absence of baseline serum anti-HBs and the
use of high-dose steroids may result in a higher risk of HBV
reactivation in KTRs with resolved HBV infection, and the
strategy of antiviral therapy prophylaxis may be defined
according to the risk stratification for HBV reactivation.
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